By the year 2020, tobacco use is predicted to be the largest single health problem in the world in terms of both mortality and disability, whereas unipolar major depression is second regarding disability from disease (1) . Numerous studies have found an association between cigarette smoking and depression, where depression is overrepresented among smokers and vice versa, although there are some reports without these findings (2, 3) . The association has been found to be both scale and age robust, with results replicated in adolescents (4-9), adults (2, (10) (11) (12) (13) (14) (15) , and elderly (10, 11, 16, 17) .
A key question regarding the smoking-depression association, which is still unresolved, is whether it reflects a causal influence in one or both directions. Lacking randomization, a careful prospective design can still study causality (18) . Temporal sequence, plausible mechanisms, dose-response relations, and elimination of other alternatives are all indications of causation.
Changes in early depressive symptoms and smoking behavior are well described in studies of adolescents, although model variation and inconsistent findings make the causal direction unclear (5) (6) (7) (8) (9) . Biologic hypotheses explaining causation in each direction are supported. Smoking as self-medication for depressive symptoms is plausible in view of the euphoriant effects of nicotine (19) . A pharmacologic explanation for the influence of smoking on depression has been found (20) . Years of smoking versus depression as a dose-response relation has received little attention, even though a pharmacologic explanation might be a process that needs time to evolve, as in long-time smokers. Some studies have concluded that the smokingdepression association probably is accounted for by confounding (4, 13, 15, 21) .
This study examined the association between baseline smoking, emphasizing smoking time as well as number of cigarettes smoked per day, and first depressive episode during the 11-year follow-up period between T1 (baseline) and T2 (reinterview) (FUP) in a Norwegian adult population.
MATERIALS AND METHODS

Subjects
Data from a 1989-1991 population survey were used, in which risk factors for, incidence of, and prevalence of psychiatric illness in Norway were examined. Statistics Norway drew a random sample of individuals from Oslo (the capital of Norway) and Lofoten (a rural area dominated by the fishing industry), aged 18 years or older, of which 2,727 were approached about participating (1,356 from Oslo and 1,371 from Lofoten). Of these persons, 713 refused, leaving 2,014 participants: 1,009 in Oslo and 1,005 in Lofoten. This number corresponds to 74 percent of the 2,727 eligible, representative of age and gender for the source population, constituting our baseline at time T1. The interviews were conducted in person, mainly by medical students and nurses. More details of the initial sample are described elsewhere (22) . The population sample was approached again 11 years later, and 1,286 individuals were reinterviewed (in person) in 2000-2002 (T2) .
Assessments at T1 (baseline). Selected covariates for the study participants are presented in table 1. The Hopkins Symptom Checklist 25 was chosen as a measure of psychological distress at T1 (23) (24) (25) because of good prediction of a depression diagnosis (26, 27) . Items rated similarly, together with no references to change (''worse than before''), were also considered aspects in favor of the Hopkins Symptom Checklist 25 compared with, for example, the General Health Questionnaire (28) .
Assessments at T2 (reinterview). The Norwegian personal identification number made it possible to locate almost the whole sample after 11 years; only 23 of the 2,014 participants (1.1 percent) could not be located. At T2, all respondents were interviewed by using the Composite International Diagnostic Interview (CIDI-M 1. (29) . The outcome was a first depressive episode, including dysthymia, recurrent and single episodes of a mild, moderate, and severe character (International Classification of Diseases, Tenth Revision, codes F31.3-F34.1) with estimated onset based on the retrospectively gathered information. Use of the CIDI algorithm returned a year of onset for all cases of depression. If possible, the date of a negative life event connected to the depression was used as the date of onset; if not, the date was estimated as the midpoint of the year (expected value of a uniformly distributed date). In the same way, the last time that the symptoms were present was estimated. To ensure validity of time-related symptom questions, memory aids using benchmarks such as before/after the war, marriage, having children, summer/winter, and so on, are used in CIDI-M 1.1. Smoking and somatic disease restraints were also assessed at T2 (table 1) .
Study cohort. The 728 persons not reinterviewed defines the population lost to follow-up; 384 were not eligible (260 had died, 68 were severely ill, 33 had emigrated, and 23 could not be found). Among the 1,630 eligible were 186 who refused and 158 who could not be reached, leaving 1,286 interviews at T2 (79 percent response rate). For 96 respondents, CIDI estimated the onset of a first depressive episode before T1 (pre-T1 depression), and these respondents were excluded. The study cohort (included population) consisted of the 1,190 remaining respondents with complete data on both interviews and no estimated depression onset prior to T1. The study was approved by the Norwegian ethical board, and informed consent was obtained from all participants at both T1 and T2.
Alternative explanations
Plausible alternatives to a direct causal influence of smoking on depression explaining an observed association included one or more of the following, described below.
Selection bias. The smoking-depression association was evaluated across levels of both the Hopkins Symptom Checklist 25 and age at T1.
Recall bias. Exclusion rates were compared across levels of smoking. Robustness of the smoking-depression association for measurement error regarding the estimated onset of depression was assessed.
Unmeasured confounding. To assess the effect of a potential dichotomous unmeasured confounder (U), we performed a sensitivity analysis, described by Greenland (30) . For simplicity, we used the crude odds ratio (OR) with corresponding cases/noncases and heavy smoking/no smoking. We assessed how strong the assumed simultaneous associations U-smoking (OR SU ) and U-depression (OR DU ) would have to be to account for a substantial part of the observed smoking-depression association (OR DS ). The adjusted OR DS was calculated as a function of confounder prevalence among smokers (P U1 ), varying OR SU and OR DU . The minimum of this function represented the maximum possible reduction in OR DS due to confounding. We adjusted for Hopkins Symptom Checklist 25 at T1 to assess the influence of poor mental health at T1 and some unmeasured confounding.
Indirect causation. The effect of decline in somatic health on the smoking-depression association was evaluated, for each disease separately and combined, by assuming that all decline occurred before depression onset. In addition, we assessed the influence of those who reported that they had stopped smoking after T1 and before the estimated onset of depression.
Reverse causation. On the basis of recall from T2, smoking initiation before and after estimated depression onset was compared with respect to smoking at T1 and T2. We compared smoking at T1 between those with and without a pre-T1 depression. The pre-T1-, FUP-and nodepression groups were compared with respect to change in smoking behavior from T1 to T2. The change was also compared between the recent pre-T1 and the distant pre-T1 depressions.
Statistical analyses
The included and the lost-to-follow-up populations were compared with two-tailed t tests/F tests and Fisher's exact test. To estimate relative incidence rates (hazard ratios) adjusted for relevant baseline covariates, Cox proportional hazards regression was used. The time scale was observation time, and right censoring at the end of the study occurred for those without depression. In this paper, odds ratios and hazard ratios are presented with 95 percent confidence intervals in parentheses. When adjusting for covariates, model selection followed increasing likelihood with all combinations of covariates compared. For more flexible fitting, smoothing splines were used for selected continuous covariates. Both global and covariate-specific tests for assumptions of proportional hazards were performed (31) .
RESULTS
The groups lost to follow-up because of death and for other reasons were compared with the included population with respect to baseline covariates (table 2) . Compared with the included population, both lost-to-follow-up populations were more likely to have psychological distress, loss of partner, low income levels, and low educational levels. The group lost to follow-up for other reasons was similar to the included group with respect to smoking, but it contained the most Oslo respondents and drank more alcohol. Those who died had smoked the least at T1 and had fewer relationship and external events but more somatic health problems.
In the included population, most light smokers at T1 were women, while most heavy smokers were men (table 3) . Among the never smokers, the majority had high levels of education, whereas low levels of education were most common among heavy smokers. Furthermore, alcohol index and external events were strongly associated with heavy smoking. The prevalence of daily cigarette smoking was 41.4 percent, whereas prevalences of daily cigar and pipe smoking were 0.9 percent and 1.2 percent, respectively.
Compared with never smokers, smokers had an increasing crude risk of depression with increasing amount of current smoking and a significant risk ratio for more than 10 cigarettes per day and more than 20 cigarettes per day (OR ¼ 3.66, 95 percent confidence interval (CI): 1.63, 8.19) (table 4). The crude risk ratio for cumulative smoking was also significant, with an increase of 37 percent for an increase in smoking of 200 cigarette-years. Other significant crude risk ratios were observed for gender, age, education, loss of partner, alcohol index, moderate somatic disease restraint, network events, relationship events, and a Hopkins Symptom Checklist 25 score of 1.75 or more.
The smoking-depression association adjusted for baseline covariates was evaluated with Cox regression, and the results are given in tables 5 and 6 (best fitted model shown). Assumptions of proportionality were found valid with the global test for zero slope in a generalized linear regression of Schoenfeld residuals not rejected (p ¼ 0.48) and for individual covariates. Compared with never smoking, past A dose-response relation between increasing smoking time and depression was observed, with significant risk ratios for more than 20 years of smoking and more than 20 cigarettes per day, also when stratified on age at T1 (table 6) . Age differences at T1 showed a higher risk ratio for gender in the young group and for relationship events and moderate somatic disease restraint in the older group. Wide confidence intervals for the older group were due to having only 21 cases of depression. Cumulative smoking adjusted for covariates in table 5 was also associated with a significant risk ratio (HR ¼ 1.66, 95 percent CI: 1.36, 2.03); otherwise, risk ratios were similar to those shown in table 5 .
Estimates of cumulative hazard rates illustrate the dose responses for amount of current smoking and smoking time (not stratified by age at T1) ( figure 1, top panels) . The higher growth rate near T2 indicated increased hazard. The spline fit of cumulative smoking showed a significant drop in hazard for 100 cigarette-years and otherwise confirmed the assumed linearity in our model (as for alcohol index).
Alternative explanations
Selection bias. High scores on the Hopkins Symptom Checklist 25 and high age at T1 were overrepresented in the lost-to-follow-up group (table 2). The smoking-depression association was homogeneous across levels of both the Hopkins Symptom Checklist 25 and age at T1.
Recall bias. Among the 226 respondents with depression, the exclusion rate for those with symptoms within the month before T2 was higher than for those without symptoms (51 percent vs. 39 percent). This finding was also observed across levels of smoking. Excluding all respondents whose estimated onset of depression occurred during the first half of FUP increased the risk ratio for heavy smoking slightly; otherwise, the results were similar to those shown in Figure 2 shows the results of the sensitivity analysis in which the unmeasured confounder was thought of as a dichotomous genetic susceptibility. The three curves show OR DS as functions of P U1 with fixed values of OR SU and OR DU and that this function has a unique minimum. The symmetric curve represents OR SU ¼ OR DU ¼ 7 (the strongest reported single-gene effect for depression (32) ). The lowest possible OR DS in this instance is 1.6, corresponding to 12 percent in the population having the genetic susceptibility (increases with P U1 ). In the asymmetric situation in which OR SU or OR DU is set equal to 3.66 (the observed OR DS ), the other odds ratio has to be 22 to obtain the same minimum. To make OR DS ¼ 1 in the symmetric situation, OR SU and OR DU have to be higher than 12. With one of them at approximately 2, OR DS will always be higher than 1.6.
Indirect causation. Somatic decline during FUP was reported by 711 respondents, with prevalences of depression of 12.2 percent among those with a decline and 9.6 percent among those without one. When adjusting for decline and other potential confounders of the relation between decline and depression, such as somatic health, age, Hopkins Symptom Checklist 25, body mass index, and lifestyle factors at T1 (refer to table 1), we observed minor changes in the smoking-depression association together with a significant risk ratio for somatic decline. Worsening musculoskeletal . However, many of those respondents with a serious heart condition at T1 were lost to follow-up. Of 37 respondents reporting severe restraint because of cardiovascular disease at T1, 23 were lost to follow-up; of these respondents, 10 men and nine women died, all older than age 55 years at T1. Six respondents reported that they had stopped smoking between T1 and the estimated onset of depression. Removing their data from the analysis had a negligible effect on the risk ratios.
Reverse causation. For 35 of the 226 depression cases, estimated onset was prior to smoking initiation; for 129 cases, smoking was initiated first; and 58 cases of depression were observed among never smokers. The prevalences of ever smoking were 63 percent among the nondepressed population and 74 percent among those with depression. Those whose estimated onset occurred prior to smoking initiation smoked less than those who started smoking first, both at T1 (15 percent vs. 46 percent smoked >10 cigarettes per day) and at T2. The median time from smoking initiation to estimated FUP depression onset was 18 years. Those experiencing a pre-T1 depression did not smoke significantly more at T1 than the included population did (p ¼ 0.31), but those who smoked more than 10 cigarettes per day at T1 had a significantly higher prevalence of FUP depression than the rest of the respondents (p ¼ 0.005). When we regarded change in smoking behavior during FUP, no differences were found between the pre-T1-, FUP-, and nodepression groups (p ¼ 0.51). For those experiencing a pre-T1 depression, those whose estimated onset occurred within 10 years before T1 (39 of 96 cases) reduced their smoking significantly more during FUP than those whose estimated onset occurred more than 10 years before T1 (p ¼ 0.01).
DISCUSSION
The results of this analysis confirm a strong association between cigarette smoking and subsequent depression. The risk of depression was four times as high for heavy smokers compared with never smokers. We found dose-response relations with increasing risk for past smokers and for increasing number of cigarettes smoked per day for current smokers and also for increasing number of smoking-years. The effect of total cumulative smoking showed a significant increase in risk of 66 percent per 200 cigarette-years. Furthermore, the spline fit of cumulative smoking showed a decreased risk for less than 200 cigarette-years and a linear increase for more than 200 cigarette-years. This finding may reflect a short-term positive effect, supporting other findings (19) , and a long-term negative effect. The same pattern, less pronounced, was observed for alcohol. Inhibition of monoamine oxidase B in the brains of smokers, probably due to pharmacologic factors, has been observed, which might be linked to depression through its effect on neurotransmitters such as serotonin (20, 32 ). An analysis similar to ours, one between nicotine dependence and depression, is a direction for future study. Daily cigar and pipe smoking were not analyzed because of low prevalences. smoking-depression association, were nonresponse at T1, loss to follow-up at T2, and selection of smokers. Even if the lost-to-follow-up population experienced more psychological distress and was older than the included population, there was no support for a different smoking effect in these groups. No information regarding nonresponse at T1 was available, but similarity to the lost-to-follow-up group can be argued. Selection bias could also have occurred if various childhood and genetic factors led to recruitment of smokers from only those groups whose mental health was poor. If the mental health of those who were able to quit smoking was better than that of the rest of the smokers, this factor could explain the dose-response relation found between smoking time and depression, and also that former smokers had a lower risk than current smokers. (34, 35) . This finding implies higher prevalence, especially among those with high educational levels, in the early 1970s. The same is observed in the US population (33, 36, 37) . Even distribution of smokers across levels of education and other measures of socioeconomic status (38) , together with more smoking among men, who contributed only 28 percent of the cases of depression, makes recruiting mostly from groups of poor mental health unlikely.
On the other hand, having a high level of education probably requires mental strength, maybe explaining our observed association between the pre-T1 depressions and low educational level. Mean age at estimated onset was 26 years for those with pre-T1 depressions and 43 years for those with FUP depressions. Removing data on the pre-T1 depressions resulted in removing most of those respondents whose education might have been ruined by early onset, thereby making our association between high educational level and FUP depression plausible.
Recall bias. In an early version of CIDI, the validity of time-related items was found to be questionable in a clinical sample studied for nonpsychotic disorders including depression (39) . However, this version lacked memory aids, included in CIDI-M 1.1. Another study of a clinical sample showed acceptable validity regarding diagnostic discrimination in CIDI (40) . A review concluded with excellent interrater reliability, good test-retest reliability, and adequate validity, but almost no results came from general population samples (41) . With the restricted information available, the validity of a CIDI lifetime diagnosis is acceptable, whereas age at onset might be less accurate than desired. Both remembering of earlier episodes better when having had a recent/current episode and ''shrinkage'' of elapsed time since various events occurred are characteristics of recall (42, 43) , directly affecting our exclusion of pre-T1 depressions (estimated onset prior to T1). Even though these characteristics probably apply to our data, they did not seem to affect our smoking-depression association, causing recall bias. The exclusion rate for those with recent symptoms at T2 was higher than for those without them, but this finding was also observed across levels of smoking. Furthermore, the increasing incidence of depression during FUP (figure 1) was probably partly due to measurement error in placing the onsets too close to T2. However, even 5.5 years of misplacement for all estimated onsets barely changed the risk ratios, indicating robustness of the smoking-depression association regarding misplacement of onset.
Unmeasured confounding. Many childhood, personality, and genetics factors may have represented unmeasured confounding. Adjusting for the Hopkins Symptom Checklist 25 at T1 should have reduced this confounding, but only a minor change in the smoking-depression association was observed.
Rebelliousness has been found to account for the smoking-depression association among adolescents (7) . Adjustment in our model for external events similar to rebelliousness should have reduced the confounding from personality traits linked to risk behavior, but doing so had a negligible effect on the smoking-depression association. There is evidence of a genetic influence on smoking (44, 45) , with single-gene relative risks of less than 2 (46) , and on depression, with most single-gene relative risks at about 2 (32), and of simultaneous genetic influence (15, 47) . In a study of female twins, genetic confounding accounted for most of the association between lifetime smoking and lifetime depression (15) . However, when lifetime prevalences of smoking and depression were used, the association was a mixture of both causal directions, with one of them potentially weak, thus leading to attenuation. A high amount of baseline smoking also predicted new cases of depression, but this result was not analyzed in terms of zygosity. In contrast to these results, boys' smoking behavior has been found to be mostly mediated by environmental factors (48) . The sensitivity analysis showed that our observed crude odds ratio was robust for a dichotomous unmeasured confounder, requiring confounding odds ratios of 12 to account for the observed smoking-depression association.
Indirect causation. Decline in somatic health and smoking cessation were considered possible intermediate states in a causal pathway between smoking and depression. We found a significant risk ratio for somatic decline when we assumed that change occurred before depression onset. However, the minor change in the risk ratios for smoking after we also adjusted for potential confounders for the relation between somatic decline and depression supported a strong, direct effect of smoking. This relies on the assumption of no other strong, unmeasured confounder between somatic decline and depression (49, 50) . Cardiovascular decline was expected to have a strong influence on depression (51), but 62 percent of those with severe heart problems at T1 and therefore with a high risk of becoming depressed were lost to follow-up.
Onset of depression during smoking cessation has been observed (52) . However, we found no support for this result.
Reverse causation. For our smoking-depression association to be explained by a causal influence of depression on smoking, latent pre-T1 depressions must have initiated pre-T1 smoking or increased smoking at T1 and then been manifested during FUP. Only 15.5 percent of the estimated depression onsets occurred prior to smoking initiation, and the prevalence of ever smoking in the nondepressed group was high (62.8 percent). In addition, those whose estimated depression onset occurred before smoking initiation smoked less at both T1 and T2 than those for whom smoking initiation occurred first. The median time from smoking initiation to estimated FUP depression onset was 18 years, which seems to be an unreasonably long latency period. The pre-T1 depressions were not strongly associated with smoking at T1, but smoking at T1 was strongly associated with the FUP depressions, so a mixture of associations from both causal directions (the former) seemed weaker than when smoking occurred first (the latter). The pre-T1-, FUP-, and no-depression groups seemed to exhibit the same pattern of change in smoking during FUP. In the pre-T1 depression group, those with a recent depression prior to T1 actually reduced their smoking during FUP more than those with a more distant estimated onset. In sum, no support was found for the manifested pre-T1 depressions (representing the latent pre-T1 depressions) to be an important reason to start smoking or having increased subsequent smoking.
Conclusion
We observed a fourfold higher risk of depression for heavy smokers compared with never smokers. Failure to explain the smoking-depression association with other plausible alternatives might reflect a direct causal influence of smoking on depression.
